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ɤɨɛɚɥɶɬɚ  ɜɜɨɞɧɵɯɫɪɟɞɚɯɉɪɢɢɫɩɨɥɶɡɨɜɚɧɢɢɦɟɬɨɞɚɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣɨɛɪɚɛɨɬɤɢ ɪɚɫɬɜɨɪɚ Co(OH)2 ɩɨɥɭɱɟɧɵɨɫɚɞɤɢ
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ɤɨɛɚɥɶɬɚ ȱȱ ɋɨɈ ɋɨ3Ɉ4 ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ ɞɚɧɧɵɟ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ Ⱦɨɤɚɡɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ 
ɭɩɪɚɜɥɟɧɢɹɩɪɨɰɟɫɫɨɦɫɢɧɬɟɡɚɱɚɫɬɢɰɩɭɬɟɦɤɨɪɪɟɤɬɢɪɨɜɤɢ ɟɝɨɩɚɪɚɦɟɬɪɨɜ.  
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ABSTRACT. In this paper we consider obtaining superfine powders of oxygen-containing compounds of cobalt in aqueous media. 
The attractiveness of receipt of the cobalt oxide from aqueous solutions by plasma-chemical treatment is the ability for their 
preparation, with a minimum of processing steps. As a result of the contact of the non-equilibrium plasma of reduced pressure are 
transformed from cobalt hydroxide in a mixture of compounds of oxide-hydroxide type. When using by plasma treatment method of 
solution Co (OH)2 the precipitation dimensional characteristics of the precipitates are obtained which range from 8 to 110 nm. Of 
these, more than 80% in the range 10-50 nm. Larger particles are shown in the form of agglomerates 0,5-5 mm. The resulting 
precipitates were compounds which contain hydroxyl groups and water, which makes them promising in use as cathode materials in 
chemical current sources. X-ray analysis showed that the precipitates are shown in the form of beta-form of cobalt hydroxide (II), 
CoO, Co3O4, and subject to processing parameters and drying the precipitation composition can be easily reproduced. By varying 
the application and drying conditions can be obtained the precipitates with certain characteristics. Thus, we can manage the process 
of synthesis of particles by adjusting the process parameters of plasma-chemical processing. The constructive design allows it and 
along with the ability to use very dilute solutions is advantage of this method. All of the above points to the prospects for the 
development of these studies. 




ɂɧɬɟɪɟɫ ɤ ɦɢɤɪɨ- ɢ ɧɚɧɨɪɚɡɦɟɪɧɵɦ ɱɚɫɬɢɰɚɦ
ɨɛɭɫɥɨɜɥɟɧ ɩɪɟɠɞɟ ɜɫɟɝɨ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ
ɜɨɡɦɨɠɧɨɫɬɟɣ ɢɯ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɜ
ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɚɤ
ɫɚɦɢɯ ɱɚɫɬɢɰ ɬɚɤ ɢ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɢɦɢ
ɦɚɬɟɪɢɚɥɨɜ ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɧɚɛɥɸɞɚɟɬɫɹ
ɚɤɬɢɜɧɨɫɬɶ ɜ ɨɛɥɚɫɬɢ ɪɚɡɪɚɛɨɬɤɢ ɤɚɬɨɞɧɵɯ
ɦɚɬɟɪɢɚɥɨɜɧɚɨɫɧɨɜɟɨɤɫɢɞɧɵɯɫɨɟɞɢɧɟɧɢɣɈɤɫɢɞɵ
ɤɨɛɚɥɶɬɚ ɢɡɜɟɫɬɧɵ ɤɚɤ ɤɚɬɚɥɢɡɚɬɨɪɵ ɦɧɨɝɢɯ
ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ Ɉɤɫɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɋɨ ɜ
ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɬɟɯɧɢɤɟ
ɩɪɨɢɡɜɨɞɫɬɜɟɤɟɪɚɦɢɤɢɢɤɪɚɫɢɬɟɥɟɣɂɡɫɩɨɫɨɛɨɜɢɯ
ɩɨɥɭɱɟɧɢɹ ɢɡɜɟɫɬɧɵ ɝɢɞɪɨɬɟɪɦɚɥɶɧɵɣ ɫɢɧɬɟɡ ɜ
ɦɚɝɧɢɬɧɨɦ ɩɨɥɟ >@ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɫɢɧɬɟɡɚ
ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ > 3]  
ɢɬɩ 
ɋɪɟɞɢ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɦɢɤɪɨ- ɢ
ɧɚɧɨɱɚɫɬɢɰ ɛɨɥɶɲɢɟ ɝɪɭɩɩɵ ɨɛɪɚɡɭɸɬ ɦɟɬɨɞɵ
ɯɢɦɢɱɟɫɤɨɝɨ >], ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ > 3, 5], 
ɷɥɟɤɬɪɨɢɦɩɭɥɶɫɧɨɝɨ >] ɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ [7, 8] 
ɫɢɧɬɟɡɚ ɨɫɧɨɜɚɧɧɵɟ ɧɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɢ ɢɨɧɨɜ
ɦɟɬɚɥɥɚ ɜ ɪɚɫɬɜɨɪɚɯ ɜ ɭɫɥɨɜɢɹɯ
ɛɥɚɝɨɩɪɢɹɬɫɬɜɭɸɳɢɯɩɨɫɥɟɞɭɸɳɟɣɚɝɪɟɝɚɰɢɢɚɬɨɦɨɜ
ɢ ɢɨɧɨɜ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɧɚɧɨɱɚɫɬɢɰ Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ
ɝɪɭɩɩ ɢɦɟɟɬ ɫɜɨɢ ɞɨɫɬɨɢɧɫɬɜɚ ɢ ɧɟɞɨɫɬɚɬɤɢ ɧɨ
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɥɚɡɦɨɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɜ
ɱɚɫɬɧɨɫɬɢ ɦɟɬɨɞɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɛɪɚɛɨɬɤɢ

















ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɩɥɚɡɦɨɣ ɇɇɌɉ ɩɨɧɢɠɟɧɧɨɝɨ
ɞɚɜɥɟɧɢɹ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ
ɤɚɠɞɨɣ ɢɡ ɝɪɭɩɩ >10]. ɉɪɢɜɥɟɤɚɬɟɥɶɧɨɫɬɶ
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɩɨɥɭɱɟɧɢɹ
ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɤɨɛɚɥɶɬɚ ɢɡ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ
ɫɨɫɬɨɢɬ ɜ ɜɨɡɦɨɠɧɨɫɬɢ ɢɯ ɩɨɥɭɱɟɧɢɹ, ɩɪɢ
ɦɢɧɢɦɚɥɶɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɫɬɚɞɢɣ ɨɛɪɚɛɨɬɤɢ ɪɚɫɬɜɨɪɚ
ɢɩɨɡɜɨɥɹɸɳɟɟɢɫɤɥɸɱɢɬɶ ɜɜɟɞɟɧɢɟɞɨɩɨɥɧɢɬɟɥɶɧɵɯ
ɥɢɝɚɧɞɨɜ[2, 3]. ɉɪɢɷɬɨɦɜɨɡɧɢɤɚɟɬɧɟɨɛɯɨɞɢɦɨɫɬɶɜ






ɤɨɛɚɥɶɬɚ ɩɨɞɪɚɡɭɦɟɜɚɸɬ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɨɤɫɢɞɵ ɢ
ɝɢɞɪɨɤɫɢɞɵ ɤɨɛɚɥɶɬɚ ,, ,,, ɋɨɈ ɋɨ3Ɉ4 ɋɨɈɈɇ
ɋɨɈɇ2 [1, 11]. ȼ ɞɚɧɧɨɦ ɢɫɫɥɟɞɨɜɚɧɢɢ
ɪɚɫɫɦɚɬɪɢɜɚɥɫɹ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɱɚɫɬɢɰ
ɩɨɥɭɱɟɧɧɵɯ ɩɪɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ
Co(OH)2 ɜ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɟ ɐɟɥɶɸ ɞɚɧɧɨɣ
ɪɚɛɨɬɵ ɹɜɥɹɥɨɫɶ ɢɡɭɱɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ
ɤɢɫɥɨɪɨɞɫɨɞɟɪɠɚɳɢɦɢ ɱɚɫɬɢɰ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɠɢɞɤɨɣ ɫɪɟɞɵ ɢ
ɨɩɪɟɞɟɥɟɧɢɟ ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ
ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɢɡɭɱɚɥɫɹ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ
ɨɫɚɞɤɚ ɨɛɪɚɡɭɸɳɟɝɨɫɹ ɜ ɠɢɞɤɨɫɬɢ ɩɪɨɜɨɞɢɥɚɫɶ







ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɝɨ ɪɟɚɤɬɨɪɚ ɫ ɜɨɞɹɧɵɦ
ɨɯɥɚɠɞɟɧɢɟɦɗɥɟɤɬɪɨɞɵ ɪɚɫɩɨɥɚɝɚɥɢɫɶɫɥɟɞɭɸɳɢɦ
ɨɛɪɚɡɨɦ ɚɧɨɞ ± ɜ ɝɚɡɨɜɨɣɮɚɡɟ ɤɚɬɨɞ ± ɡɚɝɥɭɛɥɟɧ ɜ
ɠɢɞɤɨɫɬɶ Ɋɚɫɫɬɨɹɧɢɟ ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɞɨ ɚɧɨɞɚ
ɫɨɫɬɚɜɥɹɥɨ ɨɬ  ɞɨ  ɦɦ ȼ ɤɚɱɟɫɬɜɟ ɪɟɚɝɟɧɬɨɜ
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶɞɢɫɬɢɥɥɢɪɨɜɚɧɧɚɹɜɨɞɚɄɈɇɋɨSO4 
ÂH2O. 
ȼ ɪɟɚɤɬɨɪ ɩɨɦɟɳɚɥɫɹ &R(OH)2 ɜ
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣɜɨɞɟ 
ɉɨɥɭɱɟɧɢɟ Co(OH)2 ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɪɟɚɤɰɢɢ
(1) ɩɪɢ ɨɛɵɱɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɢ ɩɪɢ ɨɫɚɠɞɟɧɢɢ
ɧɟɛɨɥɶɲɢɦɢɡɛɵɬɤɨɦɪɚɫɬɜɨɪɚɄɈɇ 
 
2KOH + ɋɨSO4 ĺ&R2+2 + K2SO4  (1) 
 
Ⱦɚɥɟɟ ɫ ɩɨɦɨɳɶɸ ɰɟɧɬɪɢɮɭɝɢɪɨɜɚɧɢɹ
ɨɬɞɟɥɹɥɫɹ Co(OH)2 ɢ ɩɪɨɦɵɜɚɥɫɹ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ
ɜɨɞɨɣ 
Ɉɛɪɚɛɨɬɤɟ ɩɨɞɜɟɪɝɚɥɢ ɤɚɤ ɫɜɟɠɢɣ ɪɚɫɬɜɨɪ





Ɋɢɫ 1 ʹ &R2+ɜɜɨɞɟɋɢɧɢɣɰɜɟɬĮ-ɮɨɪɦɚ
Ɋɨɡɨɜɵɣȕ-ɮɨɪɦɚ 
 
ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɜ ɪɟɚɤɬɨɪɟ ɜ ɪɟɡɭɥɶɬɚɬɟ
ɞɟɣɫɬɜɢɹ ɤɨɧɬɚɤɬɧɨɣ ɧɟɪɚɜɧɨɜɟɫɧɨɣ ɩɥɚɡɦɵ
ɩɨɧɢɠɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ ɩɪɟɜɪɚɳɟɧɢɟ
ɞɜɭɯɜɚɥɟɧɬɧɨɝɨ ɝɢɞɪɨɨɤɫɢɞɚ ɜ ɫɦɟɫɶ ɫɨɟɞɢɧɟɧɢɣ
ɨɤɫɢɞɧɨ-ɝɢɞɪɨɤɫɢɞɧɨɝɨ ɬɢɩɚ ɱɬɨ ɩɪɨɹɜɥɹɟɬɫɹ ɜ
ɢɡɦɟɧɟɧɢɢ ɰɜɟɬɚ ɨɬ ɫɜɟɬɥɨɝɨ ɤ ɬɟɦɧɨ-ɤɨɪɢɱɧɟɜɨɦɭ. 
ɉɪɢ ɞɨɛɚɜɥɟɧɢɢ ɧɟɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɩɟɪɟɤɢɫɢ
ɜɨɞɨɪɨɞɚ ɜ ɪɚɫɬɜɨɪ Į- ɮɨɪɦɚ ɩɪɚɤɬɢɱɟɫɤɢ ɫɪɚɡɭ
ɩɟɪɟɯɨɞɢɬ ɜ ȕ-ɮɨɪɦɭ ɚ ɩɪɢ ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣ
ɨɛɪɚɛɨɬɤɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɹɜɥɟɧɢɟ ɤɨɪɢɱɧɟɜɨɝɨ 
ɨɬɬɟɧɤɚ ɭɠɟ ɱɟɪɟɡ  ɫ ɨɛɪɚɛɨɬɤɢ Ɍɚɤɢɦ ɨɛɪɚɡɨɦ
ɝɢɞɪɨɨɤɢɫɶ ɤɨɛɚɥɶɬɚ ɨɤɢɫɥɹɟɬɫɹ ɫ ɢɡɦɟɧɟɧɢɟɦ ɰɜɟɬɚ
ɨɤɪɚɫɤɢ ɢɡ ɪɨɡɨɜɨɝɨ ɜ ɤɨɪɢɱɧɟɜɵɣ Ɉɤɢɫɥɟɧɢɟ
ɭɫɤɨɪɹɟɬɫɹɞɨɛɚɜɥɟɧɢɟɦɩɟɪɟɤɢɫɢɜɨɞɨɪɨɞɚ 
ɉɪɢ ɷɬɨɦ ɤɚɤ ɨɛɵɱɧɨ ɩɪɨɰɟɫɫ ɧɚɱɢɧɚɟɬɫɹ ɫ
ɤɚɬɨɞɧɨɝɨ ɩɹɬɧɚ ɧɚ ɪɚɡɞɟɥɟ ɝɪɚɧɢɰɵ ɮɚɡ ɝɚɡ ± 
ɠɢɞɤɨɫɬɶ Ȼɟɡ ɞɨɛɚɜɥɟɧɢɹ ɩɟɪɟɤɢɫɧɵɯ ɫɨɟɞɢɧɟɧɢɣ
ɪɚɫɬɜɨɪ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɦɟɧɹɟɬ ɨɤɪɚɫɤɭ ɫ ɫɢɧɟɣ ɧɚ
ɡɟɥɟɧɭɸ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɩɟɪɟɯɨɞɨɦ ɤ ɬɟɦɧɨ-
ɤɨɪɢɱɧɟɜɨɣ ɢ ɱɟɪɧɨɣ Ⱦɚɧɧɨɟ ɢɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ




Ɋɢɫ. 2 ʹ ɂɡɦɟɧɟɧɢɟɨɤɪɚɫɤɢɩɪɢɨɛɪɚɛɨɬɤɟɠɢɞɤɨɣ
ɮɚɡɵɇɇɌɉ. ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɨɛɪɚɛɨɬɤɢ-ɫ




ɜɜɢɞɟɪɟɚɤɰɢɣ - 5): 
 
ɋɨɈɇ2 ĺɋɨɈOH +H+  (2) 
 
ɋɨɈOH ĺɋɨ3Ɉ4 +OH- + H2O  (3) 
 
ɋɨ3Ɉ4ĺɋɨɈɈ2-  (4) 
 
ɋɨɈɇ2 +H2O2ĺɋɨɈOH + H2O +OH- (5) 
 
ɉɨɥɭɱɟɧɧɵɣ ɨɫɚɞɨɤ ɩɨɫɥɟ ɨɤɨɧɱɚɧɢɹ
ɨɛɪɚɛɨɬɤɢ ɨɬɞɟɥɹɥɢ ɨɬ ɠɢɞɤɨɫɬɢ












Ɉɫɚɞɤɢ ɢɦɟɥɢ ɞɢɚɩɚɡɨɧ ɨɤɪɚɫɤɢ ɨɬ ɫɟɪɨ-
ɡɟɥɟɧɨɝɨ ɞɨ ɛɭɪɨɝɨ ɢ ɱɟɪɧɨɝɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ
ɜɪɟɦɟɧɢɨɛɪɚɛɨɬɤɢɢɜɜɟɞɟɧɢɹɞɨɛɚɜɨɤɱɬɨɩɨɡɜɨɥɹɟɬ
ɩɪɟɞɩɨɥɨɠɢɬɶ ɧɚɥɢɱɢɟ ɪɚɡɥɢɱɧɵɯ ɨɤɫɢɞɧɵɯ




Ɋɢɫ. 3 ʹ ȼɧɟɲɧɢɣɜɢɞɫɭɯɢɯɨɫɚɞɤɨɜ 
 
ɇɚɥɢɱɢɟ Ɉɇ-ɝɪɭɩɩɵ ɭɤɚɡɵɜɚɟɬ ɧɚ ɜɨɡɦɨɠɧɨɟ
ɩɪɢɫɭɬɫɬɜɢɟ ɝɢɞɪɨɤɫɢɞɨɜ ɗɬɨ ɩɨɞɬɜɟɪɠɞɚɸɬ
ɪɟɡɭɥɶɬɚɬɵ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ
ɜɵɩɨɥɧɟɧɧɨɝɨ ɧɚ ɭɫɬɚɧɨɜɤɟ ȾɊɈɇ- ɩɨɤɚɡɚɜɲɢɟ
ɧɚɥɢɱɢɟ ɛɟɬɚ-ɮɨɪɦɵ ɝɢɞɪɨɨɤɫɢɞɚ ɤɨɛɚɥɶɬɚ IIɋɨɈ
ɋɨ3Ɉ4ɇɚɪɢɫ 4 ɩɪɢɜɟɞɟɧɵɯɚɪɚɤɬɟɪɢɫɬɢɤɢɨɞɧɨɝɨɢɡ
ɨɫɚɞɤɨɜ ɩɨɥɭɱɟɧɧɨɝɨ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɋɨɈɇ2 ɜ
ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣɜɨɞɟɜɬɟɱɟɧɢɟɫ 
Ʉɨɥɢɱɟɫɬɜɨ ɨɤɫɢɞɧɵɯ ɫɨɟɞɢɧɟɧɢɢ ɪɚɫɬɟɬ ɩɪɢ
ɭɜɟɥɢɱɟɧɢɢɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢɨɛɪɚɛɨɬɤɢ. 
ɋɨɞɟɪɠɚɧɢɟ ɤɨɛɚɥɶɬɚ ɜ ɢɫɫɥɟɞɭɟɦɨɦ ɨɫɚɞɤɟ
ɨɩɪɟɞɟɥɹɥɢ ɪɟɧɬɝɟɧɨɮɥɭɨɪɟɫɰɟɧɬɧɵɦ ɚɧɚɥɢɡɨɦ
Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɛɵɥ ɜɵɩɨɥɧɟɧ ɧɚ
ɨɛɨɪɭɞɨɜɚɧɢɢ ³Ⱦɟɪɢɜɚɬɨɝɪɚɮ ± ɋ´ ɇɚɜɟɫɤɚ
ɫɨɫɬɚɜɥɹɥɚɦɝɫɤɨɪɨɫɬɶɧɚɝɪɟɜɚ ƕɋāɦɢɧí1ɨɛɳɟɟ
ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵɢɈɇ-ɝɪɭɩɩ ɨɰɟɧɢɜɚɥɢ ɫ ɩɨɦɨɳɶɸ





Ɋɢɫ. 4 ʹ Ɋɟɧɬɝɟɧɨɜɫɤɚɹɞɢɮɪɚɤɬɨɝɪɚɦɦɚ 
ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɨɛɪɚɛɨɬɤɢɨɛɪɚɡɰɚɫ 
 
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ
ɉɨɤɚɡɚɧɨ ɱɬɨ ɢɫɫɥɟɞɭɟɦɵɟ ɨɫɚɞɤɢ ɹɜɥɹɸɬɫɹ
ɫɨɟɞɢɧɟɧɢɹɦɢ ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬɫɹ ɜɨɞɚ ɢ
ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɱɬɨ ɞɟɥɚɟɬ ɢɯ
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ
ɤɚɬɨɞɧɵɯɦɚɬɟɪɢɚɥɨɜɜɯɢɦɢɱɟɫɤɢɯɢɫɬɨɱɧɢɤɚɯɬɨɤɚ
Ɋɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ ɱɬɨ ɩɪɢ
ɫɨɛɥɸɞɟɧɢɢ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɢ ɫɭɲɤɢ ɫɨɫɬɚɜ 
ɨɫɚɞɤɨɜɥɟɝɤɨɜɨɫɩɪɨɢɡɜɨɞɢɬɫɹɌɚɤɠɟɨɱɟɜɢɞɧɨɱɬɨ
ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɛɥɢɡɤɢ ɤ ɩɨɥɭɱɟɧɧɵɦ 














ɋɨ Ɉ Ɉɇ- ɇ2Ɉ Ⱦɨɫɭɲɤɢ ɉɨɫɥɟɫɭɲɤɢ 








71.9 17 5 6,1 900 ɇ2Ɉ2, 3%- 
ɦɥɥ ± //± 
ɱɟɪɧɵɣ ɱɟɪɧɵɣ 






67,1 16 7,1 9,5 120 - ± //± ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɵɣ 
ɫɜɟɬɥɨ-
ɤɨɪɢɱɧɟɜɵɣ 
68,6 16 7,3 8,1 300 - ± //± ɫɜɟɬɥɨ-ɤɨɪɢɱɧɟɜɵɣ 
ɫɜɟɬɥɨ-
ɤɨɪɢɱɧɟɜɵɣ 
48,1 22,9 12 16 150 - ɫɢɧɢɣĮ-ɮɨɪɦɚ
Co(OH)2) 
ɡɟɥɟɧɵɣ ɫɟɪɨ-ɡɟɥɟɧɵɣ 
47,2 26,8 12 14 100 - ± //± ɡɟɥɟɧɨ-ɤɨɪɢɱɧɟɜɵɣ 
ɤɨɪɢɱɧɟɜɨ-
ɫɟɪɵɦ 
47,9 24,1 13 15 120 - ± //±- ɡɟɥɟɧɨ-ɤɨɪɢɱɧɟɜɵɣ 
ɤɨɪɢɱɧɟɜɵɣ 





















ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɡɜɨɥɹɸɬ ɜɵɞɟɥɢɬɶ ɤɚɤ
ɧɚɢɛɨɥɟɟɩɟɪɫɩɟɤɬɢɜɧɵɣɞɥɹɩɨɥɭɱɟɧɢɹɨɛɜɨɞɧɟɧɧɵɟ
ɫɨɟɞɢɧɟɧɢɹ ɜ ɤɨɬɨɪɵɯ ɫɨɞɟɪɠɢɬɫɹ ɜɨɞɚ ɢ
ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ ɚ ɬɚɤɠɟ ɋɨɈ ɋɨ3Ɉ4. ɉɪɢ
ɡɚɞɚɧɧɵɯ ɞɚɜɥɟɧɢɢ ɢ ɫɢɥɟ ɬɨɤɚ ɩɪɨɰɟɫɫɚ ɜ ɪɟɚɤɬɨɪɟ 
ɨɛɪɚɡɭɸɬɫɹ ɱɚɫɬɢɰɵɩɪɟɞɫɬɚɜɥɟɧɧɵɟɧɚɪɢɫ 2 - 6.  
ɇɚ ɪɢɫ  ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɚɡɦɟɪɧɵɟ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɱɚɫɬɢɰ ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ ɨɛɪɚɛɨɬɤɟ
ɞɚɧɧɵɯ ɪɟɧɬɝɟɧɨɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ Ɇɨɠɧɨ
ɨɬɦɟɬɢɬɶ ɱɬɨ ɛɨɥɟɟ ɱɟɦ  ɱɚɫɬɢɰ ɥɟɠɚɬ ɜ
ɞɢɚɩɚɡɨɧɟ  -  ɧɦ Ɉɞɧɚɤɨ ɭɱɢɬɵɜɚɹ ɫɧɢɦɤɢ
ɱɚɫɬɢɰ ɪɢɫ 5 ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɪɚɡɦɟɪɚɯ ɱɚɫɬɢɰ














ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ
ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɱɬɨ ɜɟɥɢɱɢɧɚ ɩɨɥɭɱɟɧɧɵɯ ɱɚɫɬɢɰ
ɨɫɚɞɤɚ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɞɨɫɬɚɬɨɱɧɨ ɲɢɪɨɤɢɯ
ɩɪɟɞɟɥɚɯ ȼɚɪɶɢɪɭɹ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɦɨɠɧɨ ɭɩɪɚɜɥɹɬɶ
ɩɨɥɭɱɟɧɢɟɦ ɤɚɠɞɨɝɨ ɩɪɨɞɭɤɬɚ ɂɡɦɟɧɹɹ ɭɫɥɨɜɢɹ
ɫɭɲɤɢ ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɨɫɚɞɤɢ ɫ ɨɩɪɟɞɟɥɟɧɧɵɦɢ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢȼɫɟɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɨɟɭɤɚɡɵɜɚɟɬ
ɧɚ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɶ ɞɚɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɞɥɹ
ɪɚɡɪɚɛɨɬɨɤ ɜɤɥɸɱɚɸɳɢɯ ɜ ɫɟɛɹ ɪɚɡɪɚɛɨɬɤɭ
ɯɢɦɢɱɟɫɤɢɯ ɢɫɬɨɱɧɢɤɨɜ ɬɨɤɚ Ɍɚɤɢɦ ɨɛɪɚɡɨɦ
ɜɨɡɦɨɠɧɨ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɰɟɫɫɨɦ ɫɢɧɬɟɡɚ ɱɚɫɬɢɰ
ɩɭɬɟɦ ɤɨɪɪɟɤɬɢɪɨɜɤɢ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ
ɩɥɚɡɦɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɱɬɨ ɛɥɚɝɨɞɚɪɹ ɟɝɨ
ɤɨɧɫɬɪɭɤɬɢɜɧɨɦɭ ɨɮɨɪɦɥɟɧɢɸ ɧɟ ɜɵɡɵɜɚɟɬ
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